OBJECTIVE: To examine the predictive ability of simple anthropometric indices for the development of cardiovascular disease (CVD) over seven years in British adults, and the in¯uence of hypertension on these associations. DESIGN: Longitudinal study of the development of CVD (morbidity or mortality) over a seven year period in a random strati®ed sample of British adults who were respondents in the 1984 ± 1985 Health and Lifestyle Survey (HALS1) and who were seen again in 1991 ± 1992 (HALS2) or who had died by then. METHODS: Face-to-face interviews at HALS1 and HALS2 recorded socio-demographic, health and lifestyle details followed by measurements of height, weight, waist circumference and blood pressure (BP). The quintiles of body mass index (BMI), waist circumference, waist : height ratio (WHTR) and height were calculated for those aged between 35 and 75 y, at HALS1. Dates and causes of death were recorded. Logistic regression was used to estimate the odds ratios (OR) of developing CVD in 1284 men and 1570 women, aged 35 ± 75 y who were free of known CVD, cancer and diabetes at HALS1. RESULTS: By HALS2, 316 respondents in the qualifying population had developed CVD, 114 of whom were dead. There were linear trends in the development of CVD (adjusted for age and smoking) for all the men from the lowest to the highest quintile of WHTR (P 0.034), but not for waist circumference (P 0.095), or BMI (P b 0.2). Excluding the hypertensive men increased the signi®cance of the trend for WHTR (P 0.005) and waist circumference (P 0.027). The signi®cant interactions with hypertension for WHTR (P`0.001), waist circumference (P 0.006) and BMI (P 0.044) showed that there was an increasing incidence of CVD with increasing adiposity in non-hypertensive men but, in men with treated hypertension, although the overall incidence of CVD was higher, the relationship with adiposity was inverse. In the women, there were no signi®cant linear trends for waist circumference, WHTR or BMI. Quintile estimates were more consistent with J-shaped curves with the lowest risk in the second quintile. Excluding the hypertensive women, increased the signi®cance of these trends. In normotensive women, there was a signi®cant quadratic trend (P 0.039) for the association between the incidence of CVD and the quintiles of waist circumference, but no associations for WHTR or BMI. For waist circumference there was weak evidence of an interaction with hypertension (P 0.053). CONCLUSIONS: For the men, indices involving waist circunference, particularly WHTR, had stronger linear associations with the log odds of CVD development than BMI. The interactions with hypertension were signi®cant for WHTR, waist circunferenceand also BMI. In women, none of the indices was linearly associated with the log odds of CVD development, but there was a signi®cant J-shaped curve for waist circumference and evidence of an interaction with hypertension. These results suggest that studies in which hypertensives are included, but in which possible hypertension interactions are overlooked, important hypertensive-speci®c associations between anthropometric indices and CVD development may be masked. Men on anti-hypertensive medication with the lowest central adiposity, experienced higher short-term CVD risk than those with greater central adiposity.
Introduction
Many prospective studies in Europe and the USA, with duration of follow-up varying from 3±29 y have shown that obesity, as measured by body mass index (BMI) was associated with cardiovascular disease (CVD) in men 1±3 and women, 2±4 coronary heart disease (CHD) in men 2, 3, 5, 6, 8 and women, 2,3,7±9 and stroke in men 3, 8, 10, 11 and women. 2, 3, 8 However, there is not complete agreement as other workers found no relationship with CHD in men 10 or women, 12 or stroke in men 2, 13, 14 or women, 7 and some studies showed U or J shaped curves for women for CVD, 4 CHD 3, 8 and stroke. 8 Anthropometric indices measuring central adiposity ± waist circumference, waist : hip ratio (WHR), waist : height ratio (WHTR) and trunk skinfold thicknesses ± have also frequently been found to be more closely correlated with CVD than BMI. Higgins et al, 15 reported that in a 28-year follow-up study, a large waist circumference, a large WHTR and high BMI levels were related to CVD and CHD in men and women, and Kannel et al 2 showed that WHTR was related to CVD, CHD and stroke in both genders. Welin et al 13 found that both large waist circumference and waist : hip (WHR), but not BMI values, were associated with an increased incidence of stroke in men, as did Walker et al 14 for WHR and stroke. Large WHR, but not BMI values have also been found to be related to CHD in women, 16, 17 but not men. 17 Lapidus et al 7 showed that, adjusted for age only, WHR and BMI were both associated with CHD in women, but that the association was much stronger for the WHR. Most studies excluded those with pre-existing disease and adjusted for age and smoking. When also adjusting for other cardiovascular risk factors, such as diabetes and hypertension, the associations were attenuated. However, since diabetes and hypertension are also associated with obesity 18 and can be considered to be intermediaries 6, 9, 11, 12, 14 in the pathological process between obesity and CVD, such attenuation may be expected. However, other workers 3 reported an interaction between blood pressure (BP), BMI and CHD, which suggested that hypertension might not always have been an intermediary, and Cambien et al 19 found a decreasing risk of cardiovascular death with increasing BMI in hypertensive men.
Short stature has been associated with cardiovascular mortality in women, 4,20±22 in studies where exclusions for pre-existing conditions were not mentioned, but the association became insigni®cant when adjusted for lung function (FEV 1 ). 20 Short men have also been reported to be at more risk than taller men, 6, 21 but not when adjustments for risk factors were made. 21 However, Kannam et al 21 found that there was a residual effect of height in women.
From the Health and Lifestyle Survey of 1984± 1985 (HALS1), 23 close associations of elevated BP with measures of obesity, particularly central adiposity, have been identi®ed in both men and women.
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HALS1
23 and the follow-up study of 1991±1992 (HALS2) 24 provide the opportunity to examine the predictive power of several simple anthropometric indices for CVD over a relatively short period of time and to assess the impact of hypertension on any such associations.
Methods
This study observed 1284 men and 1570 women, aged 35±75 y, in whom valid anthropometric and BP measurements were made at HALS1 when they were not known to be suffering from cancer, diabetes or CVD and whose cardiovascular status at HALS2 was known because they were either re-surveyed or had died from CVD by then.
HALS1 was carried out on a random strati®ed sample of 9003 adults, resident in England, Scotland and Wales (a response rate of 77.6%). 23 They were selected from two electoral wards in each of 198 constituencies, chosen as being representative of the region. The sample compared well with the 1981 census in terms of age and gender structure. The respondents were seen in their own homes by a trained interviewer, who administered a structured questionnaire to elicit data about socio-demographic and background details, lifestyle (dietary, drinking, smoking, exercise and leisure habits), health attitudes and beliefs, current health status and past diseases. Consenting respondents (82.4%) were then visited by a nurse who carried out anthropometric, BP and lung function measurements and recorded details of any medication being taken.
The survey was`¯agged' with the NHS Central Register at Southport so that noti®cation of dates and causes of death of all respondents who have died are received. Seven years later in 1991±1992 the survey was repeated (HALS2) on as many of the surviving respondents as could be traced and who were within the scope of the sampling areas. There were then 5352 subjects. 24 The anthropometric measurements were made with the subjects in indoor clothing and without shoes. Weight was measured with electronic scales (regularly calibrated and checked) to the nearest 100 g, with an allowance being made for what the nurse judged to be heavy or light indoor clothing. Prior to the survey, bundles of indoor clothing were weighed to identify the allowances to be made. Height was measured with a portable stadiometer, with the subject standing upright with the eye and ear aligned in the Frankfurt plane. Waist circumference was measured with a plastic tape mid-way between the lowest rib and the top of the hip. From the anthropometric measurements, the BMI and WHTR were calculated.
BP was measured by oscillometry using an automatic Datascope`Accutorr', with the subject sitting comfortably and the arm supported at heart height. Four readings of systolic and diastolic pressures were recorded and the lowest used for analysis. The use of the Accutorr eliminated observer error, and the dif®-culties of hearing systolic and diastolic sounds in noisy domestic environments. The machines were originally evaluated by comparison with intra-arterial catheterization and regularly checked in use against a mercury manometer. Three different cuffs were available, the nurse choosing the most suitable one for the arm size. Details of any medication for hypertension, which could affect the BP, were recorded.
The presence of CVD at HALS1 and HALS2 was assumed if the responses or medication used indicated that the subject had had a myocardial infarction, heart by-pass operation, angina pectoris or a stroke. Mortality from CVD was identi®ed from ICD9 codes 390 to 459 on the death certi®cates.
Within the 35±75 y selected age range those excluded from this study were: 452 men and 618 women alive, but not seen at HALS2, and whose cardiovascular status was therefore not known, a further 103 men and 86 women who died of a non-CVD cause between HALS1 and HALS2, a further 30 men and 79 women who had cancer at HALS1, 24 men and 23 women who had diabetes at HALS1, 153 CVD, hypertension and anthropometry BD Cox et al men and 105 women with pre-existing CVD at HALS1 and ®nally 11 men and 16 women in whom some of the anthropometric measurements could not be made due to missing limbs, pregnancy or an inability to stand up straight.
The respondents were categorized according to their BP status as normotensive, medication-treated hypertensives and hypertensive by measurement, that is, not previously known to be hypertensive, but with a BP measured by the nurse at 160 mm Hg systolic or above and/or 95 mm Hg diastolic or above.
The respondents were classi®ed as non-smokers (those who had never regularly smoked as much as one cigarette, pipe or cigar a day for six months), light smokers (current regular smokers who smoked cigars, pipes or 15 cigarettes a day), heavy smokers (those currently smoking b 15 cigarettes a day) and exsmokers (those who use to smoke regularly).
Statistical analyses
Quintiles of the waist circumference, WHTR, BMI and height were calculated from the values of all the 35±75 y old subjects who had valid anthropometric measurements at HALS1 (2057 men and 2497 women). 23 Logistic regression models (SPSS) were used to estimate the seven year incidence of CVD (morbidity and/or mortality) across the quintiles of each anthropometric index. In order to test whether the quintile estimates could be summarised by a linear trend, the quintiles were replaced in the model by a linear term representing their continuous values. A quadratic term was then added to this model to test whether quintile estimates could be summarised by a J-shaped curve. In all analyses, HALS1 age, in ®ve year categories, and HALS1 smoking, as a categorical variable, were adjusted for, since the proportions of smokers, ex-smokers and non-smokers varied considerably across the quintiles of the anthropometric indices. Social class (non-manual and manual) was also entered, but found not to affect the results and was thereafter omitted. The likelihood ratio test statistic was compared to chi-squared distributions with one degree of freedom in all signi®cance tests for linear and quadratic trends across the quintiles.
In order to investigate the role of hypertension in any association between the anthropometric indices and CVD, the logistic regression analyses were carried out ®rst on all subjects. In a second set of analyses, BP measured at HALS1 was then entered as a covariate having three categories ± non-hypertensive, hypertensive detected at measurement and treated hypertensive. Interactions between hypertension and linear followed by quadratic trends across the quintiles, were then added to the model and were assessed by comparing the likelihood ratio test statistic to a chi-squared distribution with two degrees of freedom. The regression lines for quintiles of WHTR and CVD were obtained separately for the non-hypertensive, hypertensive at measurement and treated hypertensive men from the interaction model. A further set of analyses was performed on the nonhypertensive subjects alone. Table 1 shows the incidence of CVD over seven years for the sample with relation to the presence or absence of hypertension. The lowest incidence of morbidity and mortality was among the non-hypertensive women, with a somewhat higher rate among the non-hypertensive men. Men and women with treated hypertension had the highest rates of CVD, closely followed by men with measured, but previously undiagnosed, hypertension. Overall, there was a lower incidence of CVD amongst the women (8.8%) than the men (13.9%). Table 2 shows the range of values in the quintiles for each anthropometric index.
Results
The results of the logistic regression analyses, adjusting for age and smoking, are given in Table 3  for men and Table 4 for women. For each of the anthropometric indices the odds ratios (ORs) are shown compared to the quintile with the lowest incidence of CVD for all subjects, for all subjects adjusting for hypertension and for non-hypertensive respondents only. The test for interaction with hypertension is also shown.
In men in the all-inclusive group (normotensive, hypertensive by measurement and treated hypertensives), WHTR (not adjusted for hypertension) showed a signi®cant positive linear association with CVD, hypertension and anthropometry BD Cox et al the development of CVD (P 0.034), but none of the ORs were signi®cantly different from the reference value. Some evidence of increasing CVD incidence with increasing waist circumference was observed, although the test for linear association was not signi®cant (P 0.095). In contrast, there was no indication of a trend for BMI. Adjusting for BP (in three categories) attenuated the associations, with the relationship for WHTR also becoming non-signi®cant. When the non-hypertensives were examined, the positive trends for CVD with WHTR and waist circumference became stronger and signi®cant, and the ORs for the two highest quintiles were signi®-cantly greater than that for the lowest quintile. The effect was monotonic, increasing from the lowest to the highest quintile exceeding, on average exceeding a 10% elevated risk of CVD per quintile. There were no signi®cant associations for BMI and no signi®cant quadratic trends for any of the anthropometric indices. There were highly signi®cant interactions between BP and the linear trend across the quintiles of waist circumference and WHTR (Table 3) indicating different relationships between the quintiles of the anthropometric indices and the development of CVD for normotensives, hypertensives by measurement and treated hypertensives. Thus the linear trends for the treated hypertensives, measured hypertensives and non-hypertensives, were signi®cantly different from each other and this is demonstrated for WHTR in Figure 1 . For non-hypertensive men, the risk of developing CVD increased linearly with increasing WHTR, whilst for the treated hypertensive men, there was a strong inverse association. Those treated hypertensives with the highest risk were in the lowest quintile of WHTR, with those in the highest quintile having a similar risk to the normotensives in that quintile. Those identi®ed as hypertensive by measurement occupied an intermediate position. The patterns for waist circumference and BMI were similar.
For women the pattern of results was different (Table 4 ) and the association of CVD incidence with the anthropometric indices was weaker than for the men. There were no signi®cant linear trends in any of the groups for waist circumference, WHTR or BMI. Since those in the second quintile had, consistently, the lowest incidence of CVD, quadratic terms were used to describe the trends. Only for waist circumference in the non-hypertensive women was the quadratic trend signi®cant (P 0.039). The ®rst and ®fth quintiles of waist circumference had ORs signi®cantly above that of the second quintile. For all the women, the ORs for the ®rst, fourth and ®fth quintiles of waist circumference were signi®cantly greater than that of the second quintile, although the quadratic trend was not signi®cant (P 0.10). There were no signi®cantly different ORs or trends for any group for WHTR or BMI. Some evidence of an interaction between hypertension and the quadratic trend across waist was observed, although this was not signi®cant (P 0.053).
There was no indication of any associations, linear or quadratic, between height and CVD in either men or women (results not shown).
There were signi®cant independent associations with the development of CVD for both hypertension and current smoking habit in men, and for treated hypertension, but not smoking in women. These were independent of anthropometric associations as represented by WHTR in Table 5 . CVD, hypertension and anthropometry BD Cox et al
Discussion
The present study, carried out on a random sample of British adults, who were followed up over the relatively short period of seven years, con®rms ®ndings in other studies, of an association of central adiposity with cardiovascular disease. 2,7,10,12±15 Although the trends for BMI were in the same direction, they were not so strong or signi®cant, nor did the ORs in any of the quintiles differ from others. These ®ndings are in accord with those of other workers, who could not ®nd a signi®cant relationship between BMI and CHD 10, 12 or stroke. 2, 7, 13, 14 Had the follow-up period of the present study been longer, the association of CVD with BMI might have become stronger and achieved signi®cance, since most of the reports of BMI as a risk for CVD had follow-up times longer than seven years 2, 7, 11, 15 or a much larger cohort. 6, 9, 11 This particularly applies to the women where the low incidence of CVD resulted in relatively few cases (Table 1) .
Thus the present ®ndings indicate that, particularly in men, measurements of central adiposity are predictors of CVD in the short term and since other workers have also shown variously that waist circumference, WHR and WHTR are closely associated with CVD development over 12 years or more, 2, 7, 10, 13, 15 they are also important in the long term. Further support for this comes from examination of the data given by Kannel et al, 2 which shows that the difference between the lowest and highest quintiles of WHTR in the age adjusted rates of CVD, increase steadily over the 24 y of follow-up, being quite small at seven years of follow-up and 3±5 times as great at 24 y of follow-up.
The observation that the relationship between CVD incidence and the anthropometric indices was J-shaped, rather than linear, in normotensive women, was in accord with the ®ndings of Selmer and
Tverdal
3 who also showed, in Norwegian women, but not men, that cardiovascular mortality over 27 years of follow-up was J-shaped in relation to BMI. Similarly La Èa Èra È and Rantakallio 4 found that cardiovascular mortality was lowest in women with a BMI in the rage 21±25 (equivalent to quintiles 2 plus 3 in the present study).
In the men, the observation that there were signi®cant interactions with hypertension (particularly in the indices re¯ecting central adiposity) showed that the relationships with CVD for those with and without hypertension were different. In fact, the present ®nd-ings suggest that for medication treated hypertensives, the risk of CVD is much greater for the thinner than for the more obese men. In a population of men aged 50±79 y, Barratt-Conner and Khaw 25 also found that non-obese hypertensive men had a signi®cantly higher cardiovascular mortality rate than did obese hypertensive men, or lean or obese non-hypertensives. Many other studies have not adjusted for hypertension or considered hypertensives separately, presumably because of the view, as expounded by a number of authors, 6, 9, 11, 12, 14 that hypertension is an intermediary between obesity and CVD. Thus any interaction of hypertension in the relationship of CVD and anthropometric indices, will not have been revealed. However, the present ®ndings are consistent with those of Selmer and Tverdal, 3 who reported interactions between systolic BP, BMI and CHD mortality in the ®rst ®ve years of a 27 y follow-up in older men and women. Possible explanations for this, are suggested by Cambien et al 19 who described, in a large study, a decreasing risk of cardiovascular death amongst hypertensives with increasing BMI. They discounted any variation between obese and lean subjects in the measurement of BP, but postulated that, in view of the known association between hypertension and obesity, the more obese subjects might have been more vigorously treated than the lean hypertensives. However, in 26 was that cardiac output and peripheral resistance contribute to a different extent to the level of blood pressure in obese, overweight and lean hypertensive subjects, with the obese hypertensives having a higher cardiac output. The implication was, that elevated peripheral resistance, which for any one level of BP would be higher in lean hypertensives, is more hazardous than increased cardiac output in terms of CVD development. If the ®ndings of the present study are con®rmed, it can be hypothesised that central adiposity, as identi®ed by measures which include waist circumference, is an independent risk factor for CVD in non-hypertensive men. Hypertension itself in all circumstances is an independent risk factor and may act with obesity as an intermediary in the development of CVD, but in some obese subjects the hypertension may re¯ect a physiological response to the obesity, as demonstrated in the observations that weight (and waist) reduction is an effective treatment for hypertension. However in the leaner hypertensives, where weight reduction is not an option and where hypertension is not an intermediary with obesity, hypertension is, it appears, a more powerful predictor of CVD.
From the point of view of the assessment of risk of obesity in the clinical or survey situation or by the public, waist circumference and WHTR are simple indices which can be measured accurately enough with any tape measure. For men, risk of CVD development (at least in the non-hypertensive) is positively related to size.
Lean et al 27 have investigated the relationships of waist circumference to BMI and WHR, and also the sensitivity and speci®city, of particularly, waist circumference in predicting cardiovascular risk factors such as hypercholesterolaemia, low levels of high density lipoprotein (HDL) levels and hypertension. Based on their ®ndings, they have recommended action levels' for waist measurements for the reduction of CVD. 28 Waist reduction has been shown to be concomitant with weight loss 29 and weight reduction is thus recommended for men with a waist measurement b 94 cm (Quintiles 4 and 5 in the present study) and b 80 cm for women (Quintiles 4 and 5 in the present study). 30 For non-hypertensive men, these recommendations would ®t well with the present ®ndings where the risk of CVD is signi®cantly raised in the top two quintiles of waist and WHTR. As far as women are concerned, the situation is more complex, since women with the smallest waists have as high a risk of CVD as those with increased central adiposity. Nevertheless the present ®ndings support the Lean et al 27 recommendations for an`action level' of an 80 cm waist circumference for women, since those above this level (Quintiles 4 and 5) have a signi®cantly greater incidence of CVD.
Conclusion
The ®ndings from the present study show that anthropometric indices involving waist measurements, are more sensitive indicators of CVD risk over a short period of time than BMI. The interaction of hypertension with the anthropometric indices and CVD incidence reveals that the highest risk of CVD in men, is in medication treated hypertensives with the lowest central adiposity, and that for women, the relationships differed between hypertensives and non-hypertensives, but were weaker than for men.
